Most cases of furuncular myiasis in the United States are acquired during travel to other countries. Autochthonous cases are infrequently reported and are most often due to accidental infestation of humans by larvae of flies belonging to the genus Cuterebra, commonly known as "rabbit bot flies" or "rodent bot flies." We describe a case of furuncular myiasis due to Cuterebra larvae in the hand of a patient residing in Wisconsin. The infestation was acquired while the patient gardened near a seepage lake during August. The patient developed papular lesions on the hand and received therapy for presumed bacterial furunculosis, which did not lead to improvement. Retrieval of one of the larvae from the patient permitted identification of the causative agent, and application of an occlusive ointment resulted in complete cure. North American cuterebrid myiasis is rare, and the diagnosis is frequently delayed. Myiasis should be considered when treating patients with refractory furunculosis.
(Blanchard), causes cutaneous infestation with furuncular lesions in sub-Saharan Africa [10, 11] . When the physician has a high index of suspicion, the patient has a history of recent travel to an area of endemicity, and classic furuncular lesions are present, often with the posterior end of the larva protruding from one of the lesions, there is little diagnostic difficulty [12] [13] [14] . However, cases of furuncular myiasis in the United States acquired by patients without a history of recent travel are distinctly unusual; most reported cases have been caused by larvae of flies of the genus Cuterebra, a group of species that parasitize rabbits and rodents and cause myiasis [15] [16] [17] . We report a case of furuncular myiasis on the hand of a patient living in Wisconsin, who acquired the infestation while gardening in an area heavily populated with the natural hosts (rabbits and rodents) of Cuterebra species, and we review the literature on autochthonous furuncular myiasis in the United States.
CASE REPORT
A 45-year-old previously healthy woman presented in August 2000 with a 7-day history of numerous pruritic, erythematous papules on the dorsum of her right hand. A week before, she had been gardening in a swampy Figure 1 . Erythematous papular lesions due to myiasis on the dorsum of the patient's hand area near Mud Lake, a seepage lake in Dane County, Wisconsin. She had no systemic symptoms but had noticed erythema and edema in her right hand and reported mild discomfort. She was evaluated by her physician and received dicloxacillin for presumed bacterial furunculosis. Although the erythema and pain in her hand improved, the papular lesions remained. Seven days later, she expressed what she described as a "small bug" from one of these papules. She presented to our clinic with this "bug" in an empty pill bottle.
She had not recently traveled outside Wisconsin and had never been outside the United States. She denied having received insect bites, had no exposures to wild animals, and owned an indoor cat, which was apparently healthy. At physical examination, she was found to be afebrile. Examination of the skin revealed numerous papular lesions, 5-7 mm in diameter, on the dorsal surface of her right hand. The lesions were erythematous and nontender, and some appeared umbilicated. The surrounding skin was also erythematous and slightly edematous, consistent with cellulitis ( figure 1 ). There were no ulcerations or vesicles, and there was no proximal lymphadenitis or lymphangitis. Other findings of the physical examination were normal.
The organism she had brought in was examined by one of us (D.K.Y.) and was identified as a first-instar (i.e., first-stage) bot fly larva in the family Oestridae, subfamily Cuterebrinae, genus Cuterebra, commonly known as the "rabbit bot fly" or "rodent bot fly" (figure 2). The patient was instructed to apply an occlusive ointment (petroleum jelly) over the lesions, which led to extrusion of the remainder of the larvae and resolution of the papules. Therapy with dicloxacillin was also continued for a period of 7 days to treat presumed bacterial superinfection of the furuncules. Two years later, the patient remained healthy.
DISCUSSION
Human myiasis has been categorized both according to the body site affected and according to the oviposition or larviposition habits of the flies that cause the myiasis-namely, obligate or facultative (opportunistic) [18, 19] . Obligate myiasis results from infestation with obligate parasite species, which require living tissue for development and are fairly host specific. Examples of this group include flies from several families, such as Oestridae, Calliphoridae, and Sarcophagidae. Facultative or semispecific myiasis results from infestation by certain fly species (e.g., flies of the genera Calliphora, Cochliomyia, and Phormia) who, although they prefer to deposit eggs or larvae in nonliving organic matter (e.g., vegetable matter), occasionally deposit their eggs in living flesh, such as neglected wounds or ulcerating lesions.
A more clinically useful classification scheme is based on the area of the body affected. The most common type myiasis is cutaneous myiasis, which includes wound (traumatic), furuncular, and migratory disease forms. Less common types of infestation include enteric, ophthalmic, nasopharyngeal, auricular, oral, and urogenital myiasis [17] . Human cutaneous myiasis is caused by a variety of fly species (table 1) .
Wound myiasis. Wound myiasis occurs when fly larvae infest open wounds. The majority (85%-90%) of cases are caused by larvae of flies belonging to the family Calliphoridae, which includes both obligate and facultative parasites [20] . Human cutaneous myiasis caused by screwworm fly larvae (family Calliphoridae, genus Cochliomyia, primarily Cochliomyia hominivorax [Coquerel] ) has been reported mostly from the southern and southwestern United States, often in association with epizootic outbreaks if infection in livestock [21] . The screw- worm eradication program in the United States, which involved the release of sterile male flies, has resulted in successful containment of this infestation [22, 23] .
Migratory myiasis. Migratory myiasis, also called "creeping dermal myiasis," is caused by flies belonging to the genera Gastrophilus and Hypoderma. Human myiasis caused by horse bot flies (Gastrophilus species) is very rare. Gastrophilus species are very host specific, and humans are accidental hosts. In humans, the larvae initially produce a papular lesion, which resembles those seen in cases of furuncular myiasis, and then burrow just beneath the skin, producing an intensely pruritic, serpentine, migratory lesion. Whether Gastrophilus species are capable of completing their life cycle in humans is unknown, because, in most cases, the larvae are removed in the early stages of growth. Cases of cutaneous and ophthalmic disease have been reported in association with exposure to horses [24] [25] [26] .
Cattle grubs, which are the larvae of Hypoderma species, are parasites of cattle. Humans are accidental hosts, in whom the larvae are unable to mature fully. Only 3 cases of dermal myiasis caused by Hypoderma species have been reported, which is thought to be a considerable underestimation of the actual frequency of disease [27] .
Furuncular myiasis. The fly species that cause furuncular or migratory lesions are commonly called "bot flies" or "warble flies." The term "warble" refers to the boil-like lesion formed by the larva, and the word "bot" refers to the maggot. Several dipteran groups are represented among the bot flies. The most common cause of furuncular myiasis in the United States is infestation with D. hominis (family Oestridae, subfamily Cuterebrinae) acquired during travel to Mexico or Central or South America. This fly has the ability to parasitize a wide range of hosts, including many mammals and birds. A unique aspect of the life cycle of D. hominis is the means of host infestation. The female captures an insect (or tick)-usually a diurnal mosquito-and attaches her eggs to its underside, a method of egg delivery called "phoresy" [28] . When the mosquito then takes a blood meal from a human or other animal, the eggs hatch and the larvae penetrate the skin, creating a furuncular lesion [29] . Another common agent of furuncular myiasis is the African tumbu fly. The fly lays its eggs on clothing that has been spread out to dry on the ground. The larvae hatch and, when the clothing is subsequently worn, penetrate intact skin, producing cutaneous abscesses [11, 30] . The heat from ironing clothing before wearing it is effective in destroying the larvae.
In the United States, members of the genus Cuterebra (family Oestridae, subfamily Cuterebrinae) have been among the most frequent causes of US-acquired furuncular myiasis. Cuterebra bot flies are large, beelike flies, of which 140 species are native to North America [31] . They are obligate parasites of rodents and rabbits. The flies are very host specific, and humans are accidental hosts. Oviposition occurs on grass or brush in the vicinity of their usual hosts. Adult flies are rarely seen. Humans likely acquire the larvae by inadvertent contact with the eggs, which hatch in response to an increase in temperature. The first-instar larvae gain entry through mucous membranes, skin abrasions, or intact skin. The location of the cutaneous lesions is specific in the natural host (the neck, in rabbits, and abdomen, in rodents) but varies greatly in atypical hosts. There is generally a single larva within each furuncular nodule.
The natural history of Cuterebra infestation in animal hosts has been well described and is shown in figure 3 [16, 32] . Six to 10 days after infestation, one sees local signs of infection. The larvae develop a warble, in which an opening is created to allow respiration. After the final stage of larval development, which occurs 30-40 days after infestation, the warble opening enlarges to allow the larvae to leave the host to pupate. Pupation takes place during winter in the ground, and adults appear in summer. Adult flies mate, lay eggs, and die within 2-3 weeks. In the accidental human host, details of the life cycle are not well described, because local symptoms result in removal of the larvae in the early stages of growth. Cutaneous manifestations are reported most frequently; however, nasal [33] , respiratory [15, 34] , and ocular Cuterebra myiasis have been described [35] .
LITERATURE REVIEW
We performed a MEDLINE search for articles on furuncular cuterebrid myiasis in the English-language literature published during the past 60 years. The search terms used were "furuncular myiasis"and "cuterebra." Additional cases were identified by reviewing the reference lists of relevant articles. Data from articles that provided insufficient information to characterize the cases described were not included [36] . A total of 56 cases were identified, the characteristics and features of which are presented in table 2. The mean age of patients was 14 years (range, 6 weeks to 73 years). Seventy percent of the cases occurred in men, and most involved exposure in rural or suburban settings. The most frequent site of cutaneous involvement was the face (in 26 [46%] of 56 patients), followed by the chest (in 15 [27%] ). Signs and symptoms of skin involvement included painful boils, often associated with a crawling sensation; after a period of time, the boils revealed у1 larva. All cases of Cuterebra myiasis occurred during the months June-October, and 87% of cases occurred in August and September. Most patients with furuncular myiasis were initially treated for presumed bacterial infection, and the diagnosis of fly infestation was considered only after antimicrobial therapy had failed to resolve the lesions. North American cuterebrid furuncular myiasis has been reported in almost all states in the United States; the greatest percentage of reported cases (53%) occurred in the northeastern United States.
Our case is unusual in several respects. Most cases of Cuterebra furuncular myiasis have occurred in children, and facial infestation was the most common presentation. Reports in adults have been infrequent (17 of 47 cases). Although cases from midwestern states have been reported, to our knowledge, this is the first case of Cuterebra myiasis reported in Wisconsin. Our patient was likely exposed to Cuterebra ova while gardening in an area where the natural hosts of Cuterebra abound. Cutaneous involvement of the hand has not been previously reported with Cuterebra infestation; however, in our patient, the site of infection is not surprising, given her gardening activity.
Histopathologic examination of the cutaneous lesion caused by Cuterebra infestation, as described in rabbits, reveals the larva surrounded by a necrotic cavity, with zones of granulation tissue surrounded by acute-stage and chronic-stage inflammatory cells [54] . The pathology of lesions caused by Cuterebra in humans has not been characterized.
TREATMENT
Treatment of furuncular myiasis is directed at causing paralysis or asphyxiation of the larva, thus facilitating removal. A number of ingenious remedies used in the tropics to treat D. hominis myiasis have been described; these may also be applied to furuncular myiasis caused by other fly species. Application of a heavy oil, occlusive ointment, pork fat, bacon, or even a mixture of saliva, tobacco, and chewing gum interrupts the larva's respiration, forcing it to migrate to the surface of the lesion, from where it can be removed easily [55] . Contemporary treatment approaches include surgical removal of the larvae in toto by making a small incision to open the cavity; local anesthetic is used. In contrast to D. hominis larvae, which are solitary, larvae of other species of flies may cause infestation with multiple larvae in a single lesion. Unless the lesions are very large and painful, surgical removal may be needed only if methods of occlusion fail to force the larvae to the surface. Mechanical pressure on either side of the furuncle may be all that is required in cases in which the larvae are still in an early stage of development and small in size. Extrusion of fly larvae by injecting lidocaine into the base of the warble to force out the larva has been reported to be successful [56] .
Intralesional injection of chloroform or ether is not recommended because of tissue destruction and necrosis caused by these agents [19, 57] . In a recent case report, Boggild et al. [58] describe a novel, rapid method for extraction of D. hominis larvae consisting of application of a snake venom extractor to the furuncular lesion; an intact, motile larva was removed.
For patients with numerous small papules, use of an occlusive ointment is sufficient for treatment. Because humans are accidental hosts for most furuncular myiasis-causing species, normal development and growth of the larvae may be inhibited, resulting in small cutaneous lesions, and surgical removal may not be needed. In the majority of the cases we reviewed, application of pressure was successful in removing the larvae.
In most reported cases, identification of the agent causing myiasis ends at the genus level. After removal, the larva should be inspected microscopically to confirm that it is intact. Larvae should be immersed in boiling water (if alive) and then placed in 70% ethyl alcohol for fixation. The chitinous spiracular plates of fly larvae have unique configurations that allow identification of the genus. A number of other morphological characteristics allow identification of the larva, including the structures of the mouthparts, the abdominal spiracles, and the cuticle [59] . Occasionally, if the larvae are alive at the time of removal, they may be reared to adulthood, making identification easier.
Cutaneous lesions usually heal rapidly after the larvae are removed. Secondary bacterial superinfection has been described as a frequent accompaniment to cutaneous myiasis, likely facilitated by scratching in response to the pruritus. In such cases, a brief course of appropriate antimicrobial therapy may be indicated. In general, cutaneous infestation, other than in its local effects, is harmless.
SUMMARY
The most common cause of furuncular myiasis in the United States is Cuterebra species. The diagnosis of furuncular myiasis should be considered for patients with papular lesions and exposure to rural or suburban settings where there is opportunity for contact with ova of flies that cause myiasis. Use of an occlusive ointment or mechanical extraction is usually successful in treating cutaneous disease, with no long-term consequences.
